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TEE TR A — H DA AT, FEAEEF
FRLAT AT DA A8 50 A A U 2ol 90 0P AR B i 45 T
. o FEAE T MY SR AR Z A Y
R FE 5%, A0FE spo0A ., spoOM ., spoOF . spoVG,
spoVS. spollA . kinA %R Fl— L gmtid /0I5 5
G F 1 phr ZREH LA FEE P, B RARIEFE AL,
TE B. subtilis H, o' iR AT IR 34 25 A B AR AT
RIERI R FRIK, ALFE A0 3R 5 LA DG,
29 R G AR 174 R DG 5 BRI A i) 10 78 97 T 2R Bl = 1) i
TR IE P

B4 MR (B, thuringiensis, Bt)&—ff
F [RPHIVEAN G, oA T R, HAR R
TEIE JEF H 1) [ I BR A8 7™ A BLAT 2% HUTE %R 1Y) b
% M (insecticidal crystal proteins, ICPs)H, Bt
HART 04 BSR4 KR i, B
H 2 Ol b ) 2 IR Py R . Bt
e ML Rl , FERRARAE A, cry ZEA SRy
ICPs e/~ FIFL & cry FEHB - S —2K
JE 2B U Y cry B8P, 05— AR 2R B R
WA cry FER . BRETE AN cry FER K0 A4

Mgz, Horph o EHIESERN orvd. eyl
1 cry8PIE B o 7 Bt H R Ak i 25 T
JEHH G SE PR A DA, T2 o dnfar s il 28
T OER I FE . spo0d BIFRIRIBVITF LW .
AWFFE LTS 2 4 27 IO B PR 55 se IEAD HD73 1
PRGNS G . M mbR sigH FEPRIIR 228 AE K
HDAsigH , BRI k BIZ I AL R AT LUIE A=
K, SRMHE TR REIE A KT PRI, okt
AZFHIE S, e R BO0 ™ A 2R A Cryl1Ac
mn AR o R AR AR A R AR FKE A
UEBL T Sigma H &[5 spo0d B 845
G HIBAYE spo0A FEHMRIE . A5 —P
s o i Bt ZEMIE UL BEE T S

| R L

L1 R, BORCAIESRE

ST E RS R ILE 1. RIBTFE
(Escherichia coli)ft 37 °C . 220 r/min 554~ F LB
HE % (1% NaCl, 1% Tryptone, 0.5% Yeast Extract)

x1. ALEAIBEKRS RN

Table 1. Strains and plasmids used in this study
Strains or plasmids Characterization Reference or source
Strains
HD73 B. thuringiensis subsp. kurstaki carrying the crylAc gene Laboratory collection
HDAsigH B. thuringiensis HD73 sigH gene mutant [5]
BL21 (DE3) E. coli B, F~, dcm, ompT, hsdS(ry my), gal, A (DE3) [6]
BL21 (pETsigH) BL21 (DE3) with pETsigH plasmid This study
BLpET BL21 strain carrying pET21b plasmid Laboratory collection
HD73 (pHTPp00.0) HD73 strain carrying pHTP,,, This study
HDAsigH (pHTP;004) HDAsigH strain carrying pHTP,, 004 This study
Plasmids
PET21b Expression vector, Amp', 5.4 kb Laboratory collection
pETsigH pET21b containing sigH gene, Amp" This study
pHT304-lacZ B. thuringiensis-E. coli shuttle vector harboring the promoterless lacZ gene ~ Laboratory collection
PHTP,p004 pHT304-lacZ carring the lacZ gene under the control of the Py, This study
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R RS Bt £E 30 °C., 220 r/min 254 F F LB 533
FErp BTSSR, T 1/2 LB 5535 3£(0.5% NacCl,
0.5% Tryptone, 0.25% Yeast Extract) ' #1715 5
MLSERs . PUAERMEHAWE: 5 pg/mL L% R,
100 pg/mL HFEHFHE

1.2 FEER R

FR il 14 P9 VIR . Solution IDNA 3% 5[ . Prime
STAR Max DNA & HH2) 38 T 5 AP (ORIE)
THEABR/AE ; DNA Marker, 2x Taq Mix 2504 H
b T TR K A FR 2N v s DNA 2lifbialfl & |
Jo ok 4 O TN & SF 4 B & [ Axygen A H]
CP750 i P i AN Al i (X H S [ Cole-Parmer
o5H); B Marker W H B KRB ( E)
A FRZsF] 3 Ni Sepharose 6 Fast Flow column 4 H
ZE GE /A #]; poly(dl:dC) [Poly(ethylene glycol)
di-(4-hydroxyphenyl)diphenylphosphine] 4 H I i
Sigma /A ¥ ; Gel Shift Assay Systems JlJ H Promega
] o HAhAAE FR S AR AR Y Oy [ s Y
A A B A Al ]

1.3 BfEERIE

KAFE Bk $EE . DNA  Fr Brafifb 4 i
R & B#TT; KR ITESE 5w
RESCEudRRE ; Bt L4 DNA $EECRIH %12
% 2R R IR kT,

=2
Table 2.

1.4 519E B FFE

4 Bt HD73 Bbk BRI 75115315149,
HARZFRSF A W 2. 51906 BUFT 910 7 i AE
TAY TR 1) e A BR 2 R 58 Ao
1.5 BRI

DL Bt HD73 3 [H 4] (GenBank % 3% 5 .
CPO04069) AR, Pyons-1 1 Pypona-2 H5 14,
PCR P ¥ spo0A4 FEH A B F (Pspooa), FIH Pst 1
1 BamH 1 U] I 3% 42 3 A0 7] B U1 A0 A0 28 12 30
K pHT304-lacZ |-, FHEFEILEI KRG DHSa
JESZ A ML (W T K% 52 AR ) TR A R WD)
B, RIS UKL pHTP,o0s, FFHEATIF AT A
A o P2 TR 1 o o G AR
WPk HD73 F sigH H RIS 5848 bk HDAsigH
EH TN spo0d FEREE SRR EE HD73
(PHTP,004)F1 HDAsigH (pHTP,00.4)0

45 Bt HD73 B#kIY sig (HD73_0093)%: K
FENBE 38 sigH FEI 05 | I%F sigH-F/sigH-R,
LA HD73 LA ME A B, PCR § 34 ) sigH 3
(%) FF 755 Be] 2 HE(ORF) o KT Sal 1 #1 BamH T %%
F Bt Y], B DS A A pET21b Z A4 1Y
FARLEEOIOLS, I RHE AL B R AT 7 DHS o J%
AWM P RGEARIEHATR, waH
pETsigH, WUk, ] pET21b Fokr i 5

RIRETA 4

Primers used in this study

Primer name Sequence (5'—3")

Restriction sites

sigH-F CGGATCCGGTGGAAGCAGGCTTCGTAAG BamH 1
sigH-R GTCGACTGAATTTAAAGTTGTACTTTC Sal 1
Pypooa-1 AACTGCAGAGCTCGCTTTTTCTGTTGAA Pst1
Pypo0a-2 CGGGATCCTTCTCCACAGCTTTTCCTC BamH 1
spo0A-FAMT AGCTCGCTTTTTCTGTTGAA

spo0A-FAMr TTCTCCACAGCTTTTCCTC

The underlined part indicates restriction sites; FAM indicates carboxyfluorescein labeling.

actamicro@im.ac.cn
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Pt AT AT HN R E AR o — 2R ok 2%
AL B K AFF B BL21 (DE3)H 1551 8 113235 18 bk
BL21 (pETsigH).
1.6 B-2RRLUEH RS M E

PRHL Bt AR S RN T 2185 R HUEAY LB
Begpiehad e B 3% . # 1%55 8T 100 mL 1/2 LB
B IEP R IR & ODgi=2.0-2.2, BIAXt%rA Kok
W, R To, TaRICA To 555 n AN/,
SAHE To. Tiv Ton Ts. Ty TsBFHC2 mL B,
12000 r/min, B0 2 min WA REIK, A Z Buffer
(0.04 mol/L NaH,PO, H,0, 0.06 mol/L Na,HPO,-2H,0,
0.01 mol/L KCI, 0.001 mol/L MgSO,-7H,O, fii /i
BF A 1 mmol/L DTT)HIf AP @ % 2 min;
15000 r/min {250 10 min J5H 100 uL FiE 0
A 700 pL Z Buffer, fill A 200 uL ONPG FF4f 2 v,
B SN AR R B AR BE A 500 pL 1 mol/L
Na,COs Z b Ny, s R IR 75 J i i T
LN E ODayo WIME 5 FEBCRE & B 75
15 uL S A 750 pL Bradford H, JZJ¥ 5 min, il
JE ODsos fH, B-FFLWETTBHE T A unit =
(ODyyo x 1500)(T V= FMREED) . A a7
23,
1.7 Sigma H-His A Kk

¥ BL21 (pETsigH)WFEAF S HATE
TR M 5mL LB 53R, % 1% M Ak #ER
300 mL LB #3#%E, 37 °C, 220 r/min }55E %
OD=0.7-1.0, I ALY 0.5 mmol/L i) IPTG,
18 °C . 150 t/min 5 1% (12 h) .7E 4 °C.7700 r/min
M, B0 15 min WAERA, H pH 8.0 Y
50 mmol/L Tris-HCI 27 #2774, 38 75 i 6 (2
K 60%, B} [A] 6 min).4 °C 7700 r/min &.[> 15 min,
Ay IS AULEE, #E1T 12% SDS-PAGE il

WRETEIZIE S 4T Sigma H-His & H R
o
1.8 Sigma H-His & H 41k

B 3 mL Ni Sepharose 6 Fast Flow column & A
JEHTE, T 5 AR R £ KIS AR
A 5 {54 A& A Binding Buffer (20 mmol/L
Tris-HCI pH 8.5, 20 mmol/L Pk, 0.5 mol/L NaCl)
AR, K Sigma H-His & 11 W EFE, 2
i3 0 GBI 5 AR Binding Buffer
WA R R A AR, B 10 mL PSR ik
(20 mmol/L Tris-HCI pH 8.5, 250 mmol/L s
0.5 mol/L NaCl) . H 8 FIPEi Ik 4, A 1 mL
s 1% . SDS-PAGE Rl i I ok i 2 AR
Xt alifk J5 i Sigma H-His 25 11 FH pH 8.0 f#) Tris-HCI
P ET o
1.9 Sigma H-His 2 H K& T2 BRPr 4L
Ji L

BB Mt 1Y Sigma H-His 5 [ ] AKTA avant
25 HHAWRAH T RGEEAT I B TS =2 A alidl
BB 22 48 HiTrap Q HP column #yE/A, H
8 fEFHARFRAY - 2% WhiK Buffer A (20 mmol/L
Tris-HCI pH 8.0)*F- 4+ K1 LA 1 mL/min /Y
M BRE, FRESSSROR S AR Buffer A #p
VEAE T, MR RRES G RIEN s e S b
W Buffer B (20 mmol/L Tris-HCI pH 8.0, 1 mol/L
NaCOBEATEAMEDEME, FFOL(E N 260-280 nm Y
HEWEE,

i AKTA avant 25 2 R AH AT R G0H]
4 HiTrap Q HP column #47FiEk, A 50 mmol/L
Tris-HCI pH 8.0 22 vl “F- i i #h A1, K¢ 25 11 DA
5 mL/min HYUEIE EAE, R & F10E, A SDS-PAGE
iRl ETYE -8
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110 BEBGEBER

spo0A FEH 7 3 75 4li{b 1% Sigma H-His %
FIFE R TN 25 45 S 6 e BE 22 i & 22 0 i A 710,
10 pL SRR 10x455 R 1 uL, Poly
(dI:dC) 1 uL (500 mg/L), Sigma H-His 51 1 uL,
FETFRAERS), FREE N 20 min, )5
B 1 pL 7 FAM FRICH Pypoos RS, FIRAREE
W SOV 20 min, VK ZEAF: 140 VLK, 4 °C,
ARV (5%) R o A AR P i 9 S e iR 3R
%t (& 1/ w) FLA Imager FLA-5100)iE4 7434
111 BOEIRE BB M AL

BB AR R HD73 M sigH DR 2k 278 bk
HDAsigH 1F 1/2 LB ¥ 35 5L rh 1535 2 To F1 T IF
A W1 mL BERE OISR EIR, AR TR
3 WEREIFET 100 pL KB oK BT pL 4 i
TR 1 pL ZA B GL R FM4-64 (100 pmol/L;
Thermo Scientific, USA)7EZBE F IR 5] [ G
1 min, MIAGEE A S B3RS THOE I RE
iM% (Carl Zeiss 880, LSM T-PMT) F 4%,

WA kR HD73 H1 sigH Jit R B2k 28 A8 bk
HDAsigH # THE FTHMUEHERAE 7, K
HD73 #1 HDAsigH WHRTE 1/2 LB Hig sk rh iR
24h DL b, AN, WA AT I TR
% 2 RO B BE AR 7 i N A T B =
(LR EEE
112 FHIE RS

PRH Bt BREAY 3 DHLERET 100 mL 1/2 LB
BiFR L 30 °C & FHEEFRE T BRHBUE 1 mL R,
A TR K BEA TR EERR RS, B 100 pL 438 R B2 1Y
Wi BRI IR T LB “FAle b5 H55% Bt WHRAERERZE
BEEMBUS, B 1 mL BFAE 65 °C & TIRE
20 min AFEE SRR . B EER RS HL 100 pL &

actamicro@im.ac.cn

TE A B IR RROA T LB S SEARAE 30 °C 4544
PSR, TR B EVE R I R =
RN BT, A A S R R R
3.

2 ERFAHN

2.1 Pyou-lacZ BiEHEPRIHIE BB 0 RIBE R
Ry

RWRE spo0A FEH G SEIg M, B ety g
Pooos-lacZ BHETRKE . spo0d LG 3IF R BN
287 bp, A PCR 41453 2+ (& 1-A)FFI R/ E
W B, BEYIETEA pHT304-lacZ Ak, K1
JERL pHTP, 0040 VI BORLAS 2 AR B 19 F B,
KA 287 bp (K 1-B) 00 2 56 UEA A R B 41
FERIEM o K pHTP, 004 730 i o e A B BT A= TR
HD73 il sigH K& H iR 5848 bk HDAsigH H, ik
IR R PR AT . 4 PCR FIE I A TR0
spo0A FEPR KT ER HD73 (pHTPyp004) Fl
HDAsigH (pHTP 00414 2 1E4ff

KT SRS Sigma H &1, W& Sigma H
T AR IB WM osigH FEF ) ORF X 42K 660 bp,
FIH PCR W I BG4 1% Sl B i
HLVKSEE , #E 500-750 bp b — & K/NSHE A
Be—3m 551 (B 1-C)o $2HX pETsigH 20 Sk iff
IV, WEGY) I MBI &y, HILpP—4%
5 H B BER/N—2U(&] 1-D). B4 ok £
¥, Wil AR sigH FEH 7 BTSN sigH #E 3L
H PN E e —3, MR 100%.
2.2 spo0A FEF B FIE A b

J T BE spo0Ad R SR & T A7 F
Sigma H #5200 , M 5E 768 2E Ak HD73 FISEAE {4
HDAsigH ' Pyo04 162 3RIEN B-2FFUB T B 5%
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A bp M Py (B)

(© bp M sigH (D)

bp M Sall

Pst1
+
BamH 1

P spo0A

M Pst1

Sal 1
+

BamH1  sigH

& 1.

Wtk AR BN Poopq FEEFA K HD73 FHN T 2=
T, WL s g Tt m, R TARE, Py
TEFRAERR HDAsigH HA\ To 2 Ts NI & HiG
HZNE T s RIMAERE A E BB, Pooos TE
HDAsigH {35 P4 1 25 1 T 7R BB A BT ok v )
MK 2)0 G5 RFEH spo0A FERTERL K 3%
Sigma H AY#E il

2.3 Sigma H-His 25 H K FRAf4ifk

TR e 45 SR A (1) S ZH B Pk BL21 (pETsigH)

Be9 R ERY PCR & FIE A FRBE I £ E
Figure 1. PCR amplification of target gene fragments and digestion of recombinant plasmid. PCR amplification of
Psp004 (A) and digestion of pHTP;p,0.4 (B); PCR amplification of sigH gene (C) and digestion of pETsigH (D).

#F17 Sigma H-His 5 1Rk, & IPTG A%
K12 h 5, R REE RS . 8 B0 5
B i MmyiiE, Ukt SDS-PAGE 2r#r, 45RE
INTE AR B D, FT R 20 43 RS T i 1
A ITEART 3 F it 28 kDa Ab AR 545
i, SR Sigma H-His g4 & A A FSEAH
7, Bl Sigma H-His 5 [ £ A & & AN AT
PERE T, TS BE 2 A A AL 1 TR R 38 TR S 4
i LA 3-A).
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16000 H-His #& 1117 SDS-PAGE (/& 3-B). %t %t )5 1

Sigma H-His & [ #47 H & A2 2 Mralitk, 1

-e—HD73
—-HDAsigH

140001

=)
= 12000} .
> 1 mol/L NaCl #A7£etEvENi, FMH 50 mmol/L
< 10000}
g ool Tris-HCl pH 8.0 #7355, it SDS-PAGE
S so00l SEGL R, FTAS AR Al R LAy R /N IE
<
k=l
Z 4000} (I 3-C).
3
3, 2000( 2.4 Sigma H-His EH NS A EHE
(e}
0

FIH FAM FRi2 5 #91%} spo0A-FAM{/spo0A-
FAMr § '3 spo0A J3 s/ (287 bp, 175 ATG [jif
243 bp % 44 bp ORF) 54k ) Sigma H-His & [1 1
RIS G . I 4 Fis, BERGRR AT
JH A FAM fric B9 H i DNA R spo04 FE R 5
8IF Pyooar, FH DNA 2SN Sigma H-His
Y Poen WEG T, BE & R Z 8

2. P47 HD73 70 HDAsigH H ¥k R3E R iEM
i

Figure 2. Transcriptional activity of Py, in HD73
and HDAsigH strain. Values represent the means of
three independent replicates. Error bars represent

standard deviations.

Sigma H-His & Pt 2. olcsE, =BG
i NP E A B A4ifL )5, 58] T Sigma H-His
HEA, 28O EEZ N 0.4 g/L, H
50 mmol/L Tris-HCI pH 8.0 #&E#7)575% Sigma

I, R Popoos STMRIEZBEREAR, b2 AT
WeE e, Ui Sigma H-His AR IS
spo0A JAZNFRERIEG A, HRFEARES G XA
ARG

\o '\"o‘(“
S S
< & o &
$ f]/\ QQ/ r]/\
M My
(A) kDa M “qoiible  Insoluble (B) kba M SigmaH-His (C)kDa M Sigma H-His
180— e 180 180—
130— _
130— 130
100—gy & 100— o
r 70— 70— W
S5—w 55— g 55—
40— - = = 40— - 40—
— - - - - 35—
35 * -
s . 25 35—
- -
25— 25—

& 3. Sigma H-His EHHIRIER AL

Figure 3. Expression and purification of Sigma H-His protein. A: expression of Sigma H-His protein; B: Sigma

H-His protein purification by nickel column; C: Sigma H-His protein purification by desalting.
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Sigma H-His
0 0.30 0.35 0.40 045 0.50 pg/uL
- Sigma H-His-P,,,,
I it d complexes

N

4 Ps/m()A (287 bp)
(3.2 ng)

4. Sigma H-His E8 5 spo04 EE B FHIES

Figure 4.

2.5 RASBR HDAsigH PEAEFEMAZ B BAE S
RESTHI 24

P A bk HD73 F128 48 bk HDAsigH 7 1/2 LB
R A RS 2 T i, OISR AR s
WA M TP AS XS BRI TE i S5 R BR, 7E Ts
WY, ARk HD73 dE AR FREGTE B, K
43 20 B JF 4R T A X B B BB, 4R T 5 AR bk
HDAsigH " ICARFRIEIEIE i, 28] HDAsigH G

10 pm

Sigma H-His protein binding to the promoter of spo0A4 gene.

Bt AR BB, ASRETE (A 5). 75 HD73
PRI AR AN A — RO 2F I LR Cry R
CrylAc, AT DUR € 28 28tk HDAsigH [RIFEAA]
PP CrylAc SHIATEH .

N T BN IR EE R, U AS T
PEATHLIEE . 4RRIIAE 1/2 LB Higp ik g
24 hJ5, ¥PAERE HD73 REMSRERIH KEMHERIE
028 M AU AR Y iR S (B 6-A), T2 8

10 pm

5. HD73 #1 HDAsigH T  XF FiR b B8 B9 72 i L 22

Figure 5.

Obsevation of asymmetrical septum formation of wild-type HD73 and HDAsigH cells.
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(A)

$-4800 10.0kV x10.0k SE(M) 12117/20101524 " Sum’

6. TREIERAIIAHE BRI

Observation of different strains under scanning electron microscopy. A: HD73; B: HDAsigH.

Figure 6.

HDAsigH WS LUE FHRMTE X AELE , WA 2F MOl
PIERL AR A BB 6-B) o 45 R sigH HE K 12k
3 Bt HD73 BRI T 77 A 20 R AE L AR 1
WA

HE— 2038 2 2 MR A R T SR O AR K
HDAsigH ANRETE M. 44 57 A= TRidk HD73 Fio
A8tk HDAsigH 1E 1/2 LB WAKE R B iR 2
HD73 B ZF LA SR S8 A BNy, 230 1 mL TR
PEATIE 2RI T4, 255 Bon BF A TR AR B9 1 mL PR
A7 2.4x 107 AN ZF M, T 28 28 Bk A IS
FIE ZEHE (B 7), R sigh FERIAER , BHIB T
BRA T A2 2 L A i

3.00E+07
= 2.50E+07 Il
E I
2 2.00E+07
O
2 1.50E+07 |
Q
&
) 1.00E+07
= 5.00E+06 |
0.00E+00
HD73 HDAsigH
Strains
B 7. AREKREFRITEST
Figure 7. Analysis of live spores production in

different strain. Values represent the means of three
independent replicates. Error bars represent standard
deviations.
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B)

$-4800 10.0kV x10.0k SE(M) 12/23/201018:35 ' " "5'yum

3 Zibfeitis

FIH K FF# 0 BL21 (DE3)# 1k R 4% Bt
HD73  Sigma H # H#HAT 1 BN R Halifl,
R T AN i SIS — B Sigma
H-His # [, 1988 4 Dubnau %¢7E B. subtilis 13K
BT AR AT spo0H REHPEME, B o &
F1. 2003 4E, Imamura ZE M\ E. coli Hralifl Hi#
A BERY 9 Fh o BIF, HPdE oM"Y, 2013 41
Barriuso-Iglesias 55X 7+ 2 BRI Y GST-Sigma
H E AT T Rk aifh AR, 1997 4R
Cosby Z51EAA] pH {H F X} B. subtilis ' o #E47 T
a9, BRI HFTNIE, %A Bt 1Y Sigma H &
H R IR 4k A SC e i i . ik NCBI #E47
Blast, HD73 " sigh &5 s JH 2F i AT 4 (B.
anthracis)W) sigH TERATTR /K F—EE R 93%,
5 B. subtilis W) sigH —3EHR 67%, TERAFEIR/K
SV &5 B. anthracis 1 B. subtilis F— 510
99%F1 85%"),

Spo0A J&—7Ff DNA 256 11, X 2E e it
IR KRR, spo0d HIFEKZ 2P RNA R4 il
o™ Al oM AN, R WA A Bt B
FRHh Sigma H 25 X spo04 &R 2k 1 B 815
Y o AR S B0 ) FHBEE I 72 22 EMSA IER Sigma H
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Tl g AT spo0A FERE Bh+ b B4
spo0A4 FER ik, 2007 4 Hadjifrangiskou 2544
T B. anthracis W) sigH FERI K TR 2R A
g TR AR R E i Re 1Y, fE B,
subtilis 11 sigH FE PR 2% I AR TCERIE AN X PR
ROV, RSB R T Bt P sigH FER PGS &
FE Bt ek AR ZF AR SRS FTRIRE )

1€ B. subtilis % IJE R, o X THOES S
2 NI AR E BE DR R FEAN AT D AR . (A
Bt 1, Sigma H [A5-42 i B EE A K RIBFFTEL D
MY B. subtilis LR AL, Bt 23R HZ T
1000 ZA-JEH, BUHENZE Bt h o AT B da il 5
ZIHRFRIE ., CAMIE o BT R TR BRI
HRIE A DG B 2 X, Al Ak LA R R A
o R B FE DR B LR, X 9 4 SR URE R 2
FETE FSC A 4 AL A A TR T S (A R il

2 % L MR

[1] Errington J. Bacillus subtilis sporulation: regulation of gene
expression and control of morphogenesis. Microbiological
Reviews, 1993, 57(1): 1-33.

[2] RESEHE. B m A MAT R crySE R SR EHLRIBT 5T
PRAE: IR R A 08 3, 2011,

[3] Britton RA, Eichenberger P, Gonzalez-Pastor JE, Fawcett P,
Monson R, Losick R, Grossman AD. Genome-wide analysis
of the stationary-phase sigma factor (sigma-H) regulon of
Bacillus subtilis. Journal of Bacteriology, 2002, 184(17):

4881-4890.
[4] Ibrahim MA, Griko N, Junker M, Bulla LA. Bacillus
thuringiensis: a genomics and proteomics perspective.

Bioengineered Bugs, 2010, 1(1): 31-50.

[5] Du LX, Qiu LL, Peng Q, Lereclus D, Zhang J, Song FP,
Huang DF. Identification of the promoter in the intergenic
region between orfl and cry8Eal controlled by sigma H
factor. Applied and Environmental Microbiology, 2012,
78(12): 4164-4168.

[6] Bravo A, Likitvivatanavong S, Gill SS, Soberon M. Bacillus
thuringiensis: a story of a successful bioinsecticide. Insect
Biochemistry and Molecular Biology, 2011, 41(7): 423—431.

[7] Stobdan T, Kaur S, Singh A. Cloning and nucleotide sequence

8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

of a novel cry gene from Bacillus
Biotechnology Letters, 2004, 26(14): 1153-1156.
D, Arantés O, Chaufaux J, Lecadet MM.
Transformation and expression of a cloned §-endotoxin gene
in Bacillus thuringiensis. FEMS Microbiology Letters, 1989,
60(2): 211-217.

Liu GM, Song L, Shu CL, Wang PS, Deng C, Peng Q,
Lereclus D, Wang XM, Huang DF, Zhang J, Song FP.
Complete genome sequence of Bacillus thuringiensis subsp.
kurstaki strain HD73. Genome Announcements, 2013, 1(2):
e0008013.

Li R, Liu G, Xie ZJ, He XH, Chen WQ, Deng ZX, Tan HR.
PolY, a transcriptional regulator with ATPase activity,
of polR
biosynthesis in Streptomyces cacaoi. Molecular Microbiology,
2010, 75(2): 349-364.

Zhang Z, Yang M, Peng Q, Wang GN, Zheng QY, Zhang J,
Song FP. Transcription of the lysine-2, 3-aminomutase gene

thuringiensis.

Lereclus

directly activates transcription in polyoxin

in the kam locus of Bacillus thuringiensis subsp. kurstaki
HD73 is controlled by both o™ and o* factors. Journal of
Bacteriology, 2014, 196(16): 2934-2943.

Yang M, Peng Q, Huang MZ, Kao GW, Zhang J, Song FP.
Expression and purification of Bacillus thuringiensis Sigma K
in Escherichia coli. Microbiology China, 2016, 43(1): 69-75.
(in Chinese)

W, 2, WEE, FES, KA, R BesF
FFE Sigma K 7ERIGHF T RK 5aidh. BUEY AR,
2016, 43(1): 69-75.

Dubnau E, Weir J, Nair G, Carter III L, Moran Jr C, Smith 1.
Bacillus sporulation gene spo0H codes for sigma o°° (o).
Journal of Bacteriology, 1988, 170(3): 1054-1062.

Imamura S, Yoshihara S, Nakano S, Shiozaki N, Yamada A,
Tanaka K, Takahashi H, Asayama M, Shirai M. Purification,
characterization, and gene expression of all sigma factors of
RNA polymerase in a cyanobacterium. Journal of Molecular
Biology, 2003, 325(5): 857-872.

Barriuso-Iglesias M, Barreiro C, Sola-Landa A, Martin JF.
Transcriptional control of the FoF-ATP synthase operon of
Corynebacterium glutamicum: Sigma H factor binds to its
promoter and regulates its expression at different pH values.
Microbial Biotechnology, 2013, 6(2): 178-188.

Cosby WM, Zuber P. Regulation of Bacillus subtilis "
(spoOH) and AbrB in response to changes in external pH.
Journal of Bacteriology, 1997, 179(21): 6778—6787.

Buckner CM, Moran Jr CP. A region in Bacillus subtilis o
required for SpoOA-dependent promoter activity. Journal of
Bacteriology, 1998, 180(18): 4987—4990.

Hadjifrangiskou M, Chen YH, Koehler TM. The alternative
sigma factor o" is required for toxin gene expression by
Bacillus anthracis. Journal of Bacteriology, 2007, 189(5):
1874-1883.

http://journals.im.ac.cn/actamicrocn



268 Xintong Fan et al. | Acta Microbiologica Sinica, 2019, 59(2)

Effect of Sigma H on sporulation in Bacillus thuringiensis

Xintong Fan'?, Lixin Du?, Tantan Gao’, Qi Peng’, Jie Zhang®, Fuping Song"*’

" College of Life Sciences, Northeast Agricultural University, Harbin 150030, Heilongjiang Province, China
? State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of
Agricultural Sciences, Beijing 100193, China

Abstract: [Objective] To test the regulation of spo0A transcription by the regulatory protein Sigma H (GH) from
Bacillus thuringiensis (Bt) HD73; Expressing and purifying Sigma H in Escherichia coli to verify its direct binding
to the promoter of spo04; To detect the effect of deletion of sigH on production of spores and crystal proteins in B.
thuringiensis HD73. [Methods| The transcription level of spo0A4 was determined by measuring the B-galactosidase
activities directed by the promoter of spo0A4 in Bt HD73 and sigH deletion mutant. The open reading frame of the
sigH was amplified by PCR from Bt HD73 genome, and then ligated into the vector pET21b to generate pETsigH.
The pETsigH was transformed into BL21(DE3) to obtain the recombinant strain BL21 (pETsigH). The Sigma H
protein was extracted and purified by Ni Sepharose 6 Fast Flow column purification and anion exchange
purification. The electrophoretic mobility shift assay (EMSA) was carried out to verify the direct binding of Sigma
H and the promoter of spo0A4. The phenotypic characteristics of the sigH deletion mutant strain (HDAsigH) were
analyzed by microscopic observation and sporulation efficiency determination. [Results] The deletion of sigH
decreased the transcription level of spo0A. The 28 kDa-Sigma H-His was expressed and purified from E. coli strain.
EMSA results showed that the Sigma H-His could bind to the promoter of spo0A. Microscopic observation and
sporulation efficiency determination demonstrated that the HDAsigH failed to produce spores and crystal proteins.
[Conclusion] The Sigma H-His protein directly regulates the expression of spo0A by binding to the promoter of
spo0A. Deletion of the sigH blocks the spores and crystal proteins production in Bt strains.
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